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FIELD OF INVENTION 



The invention relates to probe apparatus for testing 



invention relates to a probe apparatus capable of 
recognizing and compensating resistance discrepancies in 
contact interfaces between chip terminals and probe tips. 



25 Before electronic circuit chips are packaged^ they are 
conventionally tested to retrieve information about their 
performance levels. A performance criterion, for example, 
are voltage level discrepancies within the tested chip. 
The continuing development of circuit chips results in an 

30 ever decreasing voltage level at which the circuit chips 
operate and have to be tested. The recognition of voltage 
level discrepancies at ever decreasing operational voltage 



15 electronic circuit chips. 



Particularly, 



the present 




BACKGROUND OF INVENTION 
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levels requires more precise inducing and deriving of test 
signals during the chip testing. For a cost effective chip 
fabrication it is at the same time desirable to have a 
probe apparatus capable of compensating for a broader 
bandwidth of physical and dimensional tolerances of the 
chip terminals accessed during the chip testing. On the 
other hand, the chip testing has to be performed with 
shortest possible testing times, leaving little time for 
establishing sufficient contacting quality between the 
probes and the chip terminals. 

The contacting quality is mainly defined by a resistance in 
an interface between probe tip and chip terminal. To 
reduce the interface resistance, probes and/or the probe 
apparatus are commonly configured to scrub slightly along 
the terminal surface and thereby remove thin insulating 
oxidation layers. With decreasing sizes of the chip 
terminals and decreasing terminal surface radii in case of 
solder bumps or solder balls, scrubbing distances may 
become shorter. As a result, the removal of oxide layers 
becomes more difficult to accomplish. 

Therefore, there exists a need for a probe apparatus 
capable of recognizing resistance discrepancies in the 
probe/terminal interfaces and for correspondingly adjusting 
a voltage level of a consecutive operational signal applied 
onto or derived from the chip terminal during the actual 
chip testing. The present invention addresses this need. 
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SUMMARY 

A probe apparatus is introduced that provides two or more 
probes grouped together in order to contact single chip 
5 terminals. After bringing the grouped probes into contact 
with the single chip terminal, the resistance is recognized 
along the probes, the chip terminal and their interfaces. 
The grouped probes have a configuration and are assembled 
in a fashion that prevents them from directly conductively 
10 contacting with each other. 

The recognized resistance is taken as a factor to 
compensate for a voltage drop of an operational signal 
applied onto or derived from the single terminal during the 
m 15 following testing of the circuit chip. 

vH In a first embodiment, two probes are grouped or bundled 

Q and are brought into conductive contact with a single chip 

[M, terminal. The initially recognized resistance is averaged 

1=::^ 20 between the two probes and half of the recognized 
J'T resistance is considered for the voltage drop compensation. 

One or both probes may be utilized for applying and/or 
deriving operational signals during the chip testing. 

25 In a second embodiment, three probes are brought into 
conductive contact with a single chip terminal. In a 
following procedure three path resistances are recognized; 
a first path resistance along first and second probe, the 
chip terminal and their interfaces; a second path 

30 resistance along first and third probe, the chip terminal 
and their interfaces; a third path resistance along second 
and third probe along the chip terminal. All three path 



PRO-128 





resistances have a constant resistance portion and a 



portion is predetermined by the physical configuration of 
the probes and the test terminal. The variable resistance 
5 portion results from the configuration of the interface 
between the probe tips contacting or scrubbing the single 
terminal as is well known to those skilled in the art. The 
variable resistance portion changes with each new 
contacting. The probes themselves may be in a loose 

10 contact with terminals of a space transformer as is well 
known to those skilled in the art. In such a case, the 
variable resistance portion may include an additional 
interface resistance in the interface between the upper 
probe ends and the corresponding terminals of the space 

15 transformer. 

After recognizing the three path resistances, their 
constant resistance portion is subtracted and the remaining 
variable resistance portions of the first, second and third 

20 path resistance are compared to each other. Each variable 
path resistance has two variable path resistance 
components, each correlated to one of the two interfaces 
along the test path. The test path is the path of a test 
voltage applied between the space transformer terminals in 

25 order to recognize the three path resistances. The test 
voltage passes only through the chip terminal and not 
through the tested circuit chip itself. The test voltage 
is utilized for testing path resistances, whereas the 
operational signal is applied and/or derived from the chip 

30 terminal and passes through the chip during the chip 
testing . 



variable resistance 



portion . 



The constant resistance 
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In the second embodiment the three variable path resistance 
components are recognized preferably for each contacted 
chip terminal after the three unit probes are brought into 
contact. The three variable path resistance components 
5 form an interweaved relation in three unique combinations 
of two of them, one unique combination in each of the three 
path resistances. This interweaved relation is utilized to 
derive an absolute resistance for each variable path 
resistance component and consequently an absolute 
10 resistance for a first, second and/or third operational 
signal path through the first, second and/or third probe 
onto or away from the chip terminal. As a result, each of 
the three probes may be utilized for chip testing 
regardless their eventual diverging variable path 
Ijl 15 resistance components. 

The probes are preferably buckling beams as are well known 
P to those skilled in the art. Grouped probes dedicated for 

]^ concurrent contacting of single chip terminals and in the 

M 20 configuration of buckling beams may be bundled and guided 
'n in correspondingly shaped sheath holes. In the first 

embodiment, the sheath holes may have a long hole shape 
configured to slide able hold two probes in position 
suitable for contacting the chip terminals. In the second 
25 embodiment, the sheath hole may have a circular shape. 

Grouped probes may be held together over their length 
either in parallel orientation to each other or may be 
curled around each other for additional mechanical 
30 strength. 
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BRIEF DESCRIPTION OF THE FIGURES 



Fig. 1 shows a top view of an exemplary chip terminal 
placed on a chip segment. 

5 

Fig. 2 shows a top view of the chip terminal of Fig. 1 
contacted by two exemplary probe segments according to the 
first embodiment of the present invention. 

10 Fig. 3 shows a schematic view of two probes contacting a 
single terminal and having a test voltage applied. 

Fig. 4 shows a top view of the chip terminal of Fig. 1 
%l contacted by three exemplary probe segments according to 

15 the second embodiment of the present invention. 

i;ri Fig. 5 shows a front view of the chip terminal of Fig. 1 

|L contacted by three exemplary probe segments according to 

rU Fig . 3 . 

U 20 

Fig. 6 shows a three-dimensional view of the chip terminal 
of Fig. 1 contacted by three exemplary probe segments 
according to Fig. 3. 

25 Fig. 7 shows a three-dimensional view of the chip terminal 
of Fig. 1 with plastic deformations resulting from a 
contacting by three exemplary probe segments according to 
Fig . 3 . 

30 Fig. 8 shows a block diagram illustrating the steps 
corresponding to the second embodiment of the invention. 
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Fig. 9 shows a simplified graph of constant and variable 
voltage drops according to first, second, and third path 
resistance measured by applying a test voltage. 

5 

DETAILED DESCRIPTION 

Although the following detailed description contains many 
specifics for the purposes of illustration, anyone of 

10 ordinary skill in the art will appreciate that many 
variations and alterations to the following details are 
within the scope of the invention. Accordingly, the 
following preferred embodiment of the invention is set 
forth without any loss of generality to, and without 

15 imposing limitations upon, the claimed invention. 

Fig. 1 shows a top view of a terminal 1 placed on a chip 
segment 2 . The chip segment 2 represents electronic 
circuit chips as are well known to those skilled in the 
20 art. For the purpose of simplicity, the chip segment 2 is 
illustrated having only one terminal 1. It is clear, that 
a chip represented by the chip segment 2 may have any 
number of terminals in multiple representation of the 
terminal 1. 

25 

The terminal 1 has an exemplary configuration of a solder 
bump as they are known to those skilled in the art. The 
solder bump has a terminal height IH (see Fig. 5) and a 
terminal surface radius IR (see Fig. 5) . It is noted that 
30 the core of the invention is not limited by the shape or 
configuration of the terminal 1. Moreover, the terminal 1 
may have any shape or configuration suitable for being 
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contacted by two or more probe tips 27A, 27B (see Figs. 5 
and 6) like, for example, flat terminals or solder balls. 

The terminal 1 has a terminal diameter ID within which a 
5 probe target area 3 having the probe target diameter 3D is 
shown. The terminal 1 may be a rotationally symmetric 
terminal like for instance a solder ball or solder bump as 
are well known to those skilled in the art. In that case, 
the terminal center TC may be a rotational axis of the non- 
10 planar structure of the terminal 1. It is noted that the 
scope of the invention is not limited to any specific shape 
of configuration of the terminal 1, which may be planar as 

^=3 well. 

'■'4 

iZ 15 The probe target area 3 is the area wherein a conventional 
'^l probe tip (not shown) is brought into contact with its 

iJl center during the testing of the chip. The probe target 

diameter 3D is defined in correspondence with the terminal 
rU diameter ID to reassure reliable contact of probe tips 27A, 

u 20 27B (see Fig. 5, 6) and the terminal 1. Positioning 
tolerances of the tested chip and assembly tolerances of 
the probe tips 27A, 27B within the probe apparatus are 
adjusted to the probe target diameter 3D. The smaller the 
probe target diameter 3D relative to the terminal diameter 
25 ID, the more continuous a probe tip contacting quality 
between the probe tips 27A, 27B and the terminal 1 . 
Scrubbing of the probe tip 27A, 27B may be performed within 
the probe target area 3. 

30 Fig, 2 shows a top view of the terminal 1 being contacted 
by first and second probes 5A, 5B according to the first 
embodiment of the invention. First and second probes 5A, 
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5B have a common contacting center 9C, which is shown in a 
position within the probe target area 3. For the sole 
purpose of general understanding^ the common contacting 
center 9C is shown in an offset distance 9 relative to the 
5 terminal center TC, which is also the center of the probe 
target area 3. It is clear that the common contacting 
center 9C may be positioned at any location within the 
probe target area 3 during a real life testing. 

10 First and second probes 5A, 5B are exemplarily shown as 
being essentially cylindrical and protruding in view 
direction. The first and second probes 5A, 5B represent in 
a simplified form buckling beam probes as are well known to 
those skilled in the art. It is noted that the scope of 

15 the invention is not limited to buckling beam probes having 
circular section shapes in their portions dedicated for 
contacting chip terminals. Moreover, the present invention 
extends to any probes having tips in a configuration that 
allows them to be contacted with a single chip terminal in 

20 a number of two or more. Never the less, buckling beams 
are the preferred selection for the individual probes 5A, 
5B and 5C (see Figs. 4, 5, 6). 

In Fig. 2, the probes 5A, 5B are shown with conductive 
25 cores 6A, 6B, and the insulation layers 7A, 7B. The 
conductive cores 6A, 6B have a core diameter 6D . The 
insulation layers 7A, 7B define the probe segment diameter 
7D. The probes 5A, 5B are guided within a guiding boundary 
4, which may be provided by a sheath as is well known to 
30 those skilled in the art. The guiding boundary has a 
maximum extension 4D, which is less than the probe target 
diameter 3D plus half of an array distance of multiple 
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representations of the terminal 1 arrayed on the chip 
represented by the chip segment 2. 

The insulation layers 7A, 7B are configured to prevent the 
5 conductive cores 6A, 6B from conductively contacting with 
each other. 

Fig. 3 shov/s a schematic front view of the probes 5A, 5B 
contacting the terminal 1 and space transformer terminals 
10 28A, 28B of a space transformer 8. The contacting of two 
individual probes 5A, 5B with the single terminal 1 
provides a test path between the terminals 28A, 28B that 
% does not pass through the tested chips circuitry. An 

electronic circuit EC may apply a test voltage V+ and V- on 
in 15 the terminals 28A, 28B and a path resistance R between the 
terminals 28A^ 28B is measured without affecting the 
^ circuit chip. The probes 5A, 5B and the terminal 1 define 

g a constant resistance portion of the path resistance. The 

interfaces 21A, 21B between the probes 5A, 5B and the 
M 20 terminal 1 define a variable resistance portion of the path 
i'l . resistance. In the case where the two probes are in a loose 
contact with the terminals 28A, 28B, the variable 
resistance portion may be additionally defined by the 
interfaces 18A, 18B between the upper probe ends 25A, 25B 
25 and the terminals 28A, 28B. The loose contact of the probe 
ends 25A, 25B with the terminals 28A, 28B may be a force 
induced contact established by the contact force induced by 
the terminal 1 onto the probe tips 27A, 27B and opposed by 
the terminals 28A, 28B. The loose contact may also be a 
30 friction based contact provided by a spring loaded fit of 
the upper probe ends 25A, 25B within correspondingly caved 
terminals 18A, 18B. During the circuit chip testing, the 
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operational signals OS are passing through the space 
transformer 8, the probes 5A, 5B, the terminal 1, the 
interfaces 18B^ 21A, 21B and the chip represented by 

the chip segment 2. 

5 

After measuring the path resistance, the probe apparatus 
may begin testing the circuit chip by transmitting and/or 
receiving operational signals via the probes 5A and/or 5B 
onto and/or away from the terminal 1. The voltage levels 

10 of the operational signals are increased in correspondence 
to the half path resistance in order to compensate for a 
voltage drop of them along one of the probes 5A, 5B, the 
terminal 1, one of the interfaces 21A, 21B and eventually 
one of the interfaces 18A, 18B. The operational signals 

15 may be directed through one or both probes 5A, 5B. 

The measurement of the path resistance along the test path 
and the voltage level adjustment of the operational signals 
may be provided by electronic circuitry as is well known to 

20 those skilled in the art. This electronic circuitry may be 
part of the space transformer, or at any other location 
within the probe apparatus. It is noted that the core of 
the invention is not limited to a specific location or 
configuration of the electronic circuitry. Moreover, the 

25 electronic circuitry may be part of a separate apparatus 
operating in combination with the probe apparatus of the 
present invention . 

The recognized path resistance may be further utilized to 
30 control other factors related to the testing and/or 
fabrication of the circuit chips tested by the inventive 
apparatus. For example, continuously and evenly changing 
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path resistance of all accessed terminals of a number of 
tested chips may be utilized as an indicator to adjust 
production settings related to the fabrication of the 
tested chips' terminals, 

5 

The recognized path resistance may also be utilized to 
derive information about the working condition of the probe 
apparatus itself. For example, discrepancies of several 
path resistances between individual probe groups may be 
10 used as indicator for deformations of probe tips or other 
developing functional distortions of the grouped probes. 
Path resistance discrepancies may also be utilized as 
indicator for necessary probe tip cleaning operation. 

Ln 15 Fig. 4 shows a top view of a second embodiment of the 
invention in which three probes 5A, 5B, 5C are combined in 
a probe group dedicated for contacting the single terminal 

Q 1 . The third probe 5C preferably conforms in its 

\^ configuration to the first and second probes 5A, 5B. 

i=i 20 

'^2 The teachings stated for the first embodiment may be 

applied to the second embodiment with following 
differences : 

1. The presence of three probes 5A, 5B, 5C provides for 
25 three individual path resistances rather than only one 

path resistance as described for the first embodiment. 
A first path resistance is provided along first and 
second probe 5A, 5B, the terminal 1 and the 
corresponding interfaces. A second path resistance is 
30 provided along first and third probe 5A, 5C, the 

terminal 1 and the corresponding interfaces. A third 
path resistance is provided along second and third 

PRO-128 12 



• • 

probe 5B, 5C , the terminal 1 and the corresponding 
interfaces. The three path resistances have a 
constant resistance portion and a variable resistance 
portion as described for the first embodiment. 
5 2. The guiding boundary 14 may be circular in shape 

rather than a long hole as described for the guiding 
boundary 4. 



Fig. 5 shows a front view of the second embodiment. For 
10 the purpose of simplicity, the probes 5A, 5B, 5C are shown 
with their conductive cores 6A, 6B, 6C being broken off 
along the breaking lines 17A, 17B, 17C and the insulation 
layers 7A, 7B, 7C are broken off along the breaking lines 
"J 16A, 16B, 16C. The probe tips 27A, 27B are illustrated as 

:p 15 they are impacting the terminal 1 due to a contact force 
i;^^ with which the terminal 1 is pressed against them during 

1^0 the chip testing. The probe 5C may also deform with its 

;L probe tip the terminal 1, which is not visible in Fig. 5 

ry (and Fig. 6) since the probe 5C is positioned behind the 

j=ns. 20 terminal contour having the radius IR and the height IH. 
I'^^ The impacting of the probes 5A, 5B, 5C results in plastic 

deformations llA, IIB, IIC (see Fig. 7) . 



The offset distance 9 results in differing impacting levels 
25 15A, 15B of the probes 5A, 5B, 5C. The impacting level of 
the probe 5C is again not shown because of the reason 
described above. The probes 5A, 5B, 5C are configured to 
allow sufficient suspension within the probe group in order 
to compensate for the differences of the impacting levels 
30 15A, 15B. 
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Fig. 6 shows a three-dimensional view from a low frontal 
viewpoint onto the three probes 5A, 5B, 5C impacting the 
terminal 1. Fig. 6 illustrates more clearly the plastic 
deformations llA, llB, resulting from the scrubbing of the 
5 probes 5A, 5B. The probes 5A, 5B, 5C are exemplarily 
illustrated in the Figs. 5 and 6 with laterally exposed 
conductive cores 6A, 6B, 6C in proximity to the probe tips 
27A, 27B. The core of the invention is not limited by a 
specific configuration of the probes 5A, 5B^ 5C . It is 
10 clear that the conductive cores 6A, 6B, 6C may be insulated 
to the very tip of the probes 5A, 5B, 5C or may have any 
other configuration suitable for multiple contacting of 
O single chip terminals. For example, the probe tips 27A, 

Cj 27B and the probe tip of the probe 5C may have a spherical 

/J 15 shape rather than a cylindrical. The probe tips 27A, 27B 
W may be spherically formed by a short melting of them as is 

well known for the fabrication of contact pins. 
Spherically formed probe tips may provide a self centering 
rU effect on the probe group having three probes 5A, 5B, 5C. 

'■Z 20 As a result, lateral forces resulting from the offset 

:sva 

O distance 9 on the terminal 1 may be kept to a minimum. 

Fig. 7 shows a three dimensional view of the terminal 1 
with the plastic deformations llA, IIB, IIC. The probes 

25 5A, 5B, 5C are hidden in order to illustrate the interfaces 
21A, 21B, 21C between the terminal 1 and the probes 5A, 5B, 
5C. The interfaces 21A, 21B, 21C may impose varying 
interface resistances between the probe tips 27A, 27B of 
the probes 5A, 5B, 5C and the terminal 1. The varying 

30 interface resistances may result from remaining oxide 
layers, which may not be fully removed by the probe tips' 
scrubbing as is well known to those skilled in the art. 
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In addition, the use of more than one, preferably more than 
two probes contacting the terminal 1 results in balanced 
lateral forces stemming from eventual off center contacting 
of the non planar terminal surface. In cases where a probe 
5 apparatus has to simultaneously contact and test a high 
number of terminals 1, sum lateral forces are kept at a low 
level. In addition, the probe tips may have a spherical 
shape, which may increase a self centering effect of each 
probe group contacting single terminals. 



Fig. 8 shows a block diagram illustrating the steps 
corresponding to the second embodiment of the present 
invention. During a chip testing cycle, a number of chip 
terminals may be contacted by probe groups as shown by the 



second and third path resistance are recognized by a 
resistance recognition means illustrated by the block 66. 
In the following step 63, first second and third path 
resistance are compared with each other. In a next step 64, 



20 an absolute resistance values for the operational signal 
paths are derived from the step 63, which is described 
below under Fig. 9 in more detail. In a final step 65, the 
voltage levels of the operational signals may be adjusted 
as is described for the first embodiment. The testing 

25 signals may be directed in fractions through one, two or 
all three operational signal paths corresponding to the 
probes 5A, 5B, 5C. The voltage levels may be individually 
adjusted for one, two or all operational signal paths. 

30 Fig, 9 shows a simplified graph of voltage drops along the 
first, second and third test paths during the measurement 
of the first, second and third path resistances. 



10 




In the following steps 62A, 62B, 62C, the first 
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Illustrated are graph segments Cl, C5 representing the 
constant resistive elements terminal 1 and probes 5A, 5B, 
5C. Illustrated are also the graph segments Cll 
representing the variable resistance elements, which are 
5 the interfaces 21A, 21B, 21C and eventual the interfaces 
18A, 18B and a corresponding interface between the probe 5C 
and a terminal of the space transformer 8. 

The terminal 1 is illustrated with an exemplary voltage 
10 drop Rl. The first, second and third probes 5A, 5B, 5C are 
illustrated with an exemplary voltage drop R5. The first, 
second and third interfaces 21A, 21B, 21C and eventual the 
interfaces 18A, 18B and a corresponding interface for the 
'H probe 5C are illustrated with exemplary voltage drops R21A, 

m 15 R21B, R21C. Consequently, the first, second and third path 
resistances result in the first, second and third test 
i:r§ voltage drops R2, R3, R4 along their test paths . 



The test voltage drops R2, R3, R4 are associated with ohm's 



well as the resistance of the terminal 1 are predetermined 



subtracted from the three path resistances. The remaining 
three variable resistance portions of the three path 
25 resistances are compared with each other. Following 
relation between the test voltage drops are defined: 



U 20 



resistances . 



The resistances of the probes 5A, 5B, 5C as 



and constant. 



The constant resistances are therefore 



i?2U + 7?21C + i21 + 2*7?5 = 7?4 



i?21B + i221C + 7?! + 2 * 7?5 = R3 



R21A + 7?215 + 7?1 -h 2 * 7?5 = 7?2 



From this follows: 
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R2\A = R4-R\-2''R5-R21C 
7?2 IC = i?3 - 7?1 - 2 * i?5 - 7?2 15 
R21B = R2~ Rl-l'' R5 - R2\A 



This allows the following substitutions, which result in 
absolute values of the individual variable resistance 
5 portions derived solely from the constant resistance 
portions Rl, R5 and the three path resistances R2, R3, R4. 



R21C = R3-R2-^R21A 

R2 U = (i?4 - i?l - 2 * i?5 - 7?3 + R2) 1 2 



^=3 10 The equations are only shown for an absolute value of R21A. 
'^-J It is clear to one skilled in the art how to derive 

absolute values for R21B and R21C from the equations above. 

An algorithm according to the equations above may be 
rp implemented in the electronic circuit as is well known to 

15 those skilled in the art in order to derive absolute values 
^-J for each operational signal path resistance associated to 

each of the three probes 5A, 5B, 5C. 

Further more, the core 
20 any apparatus having 
transferring electrical 



of the invention may be applied to 
probes contacting terminals for 
signals . 



It is noted, that the scope of the invention is not limited 
to a specific number of probes contacting single terminals. 
25 The invention may be utilized to provide, for example, four 
probes for testing contact resistance of a single terminal 
in accordance with 4-Wire Ohm's Measurement as is well 
known to those skilled in the art. 
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Accordingly, the scope of the present invention described 
in the specification above, is set forth by the following 
claims and their legal equivalent: 
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